The paper shows that presence of such phases as mullite, corundum is required in order to obtain high quality refractories that are able to work effectively under the conditions of the simultaneous effects of corrosive environments, high temperatures and pressure, sudden changes in temperature. The structures of Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 system are examined in the materials in which the formation of defined phases is probably. Based on data it is carried out partitioning of the system on the elementary tetrahedrons. The data on the lengths of tie lines, volumes, the asymmetry degree and the eutectic temperature of elementary tetrahedrons are given. The geometric-topological characteristic of the phases of this system are presented. The choice of oxides compositions areas for the production of refractories is justified based on the obtained results.
Introduction
Systems comprising refractory oxides, and compounds as well as phosphates of the composition are of great interest for the study of the kinetics and mechanism for determining the hardening of phosphate tangles composed refractory like at normal temperature or under heating. It is important because the processes of hardening and the products of formation occur in different ways [1] [2] [3] [4] . One of such system is the Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 system. This system has practical value in the technology of refractory non-metallic materials. Especially it is necessary in considering the life of refractories in thermal units of construction industry [5] [6] [7] . The first version of the partition of this system into elementary tetrahedral is given [5] .
The aim of research is determination of the geometric-topological characteristics of the phases of the system, taking into account new data on the coexistence of phases and structure of the system.
According to the classification [1] , Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 system is the system of high complexity (43 elementary tetrahedrons, 32 compounds). Absence of the thermodynamic data about this system will not allow to clarify the processes of phase formation that occur in the material at high temperatures, as well as to solve important problems associated with the scientifically grounded choice of compositions and development of rational technological methods. The study of this system will be continued due to its great value for the construction and metallurgical areas. Also it is necessary to be studied by the authors in a form such as described in [8] [9] [10] .
Materials and Methods
The geometric-topological characteristics of phase of the system consist of: number of the tetrahedrons where this phase is in, number of phases with which coexist, the volume of existence (ΣV i , the total volume of all elementary tetrahedrons where this phase is in), probability of existence (ω).
The calculating formula of probability existence of phases in this concentration tetrahedron is presented (1):
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where ΣV i -total volume of elementary tetrahedrons in which there is this phase, V 0 -the volume of concentration tetrahedron, n -the number of components in the system, in this case n = 4. The relative volume of the elementary tetrahedron is calculated using the determinant by the formula (2): 
The conode length of elementary tetrahedrons is calculated using the barycentric coordinates and elements of Euclidean geometry by the formula (4): 
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where x 1 , y 1 , z 1 , x 2 , y 2 , z 2 -the coordinates (component concentration) of coexisting vapor phase. To illustrate the relationship of elementary tetrahedrons of system it is necessary to use the method of topological graphs, as described in [11] . The number of edges (R) is calculated according to Euler's formula (5):
Taking into account that the eutectic temperature of the liquid curves for all components of the system are equal, the calculation of the temperature and eutectic composition for the four-systems are produced by the decision of the system of equations (6) given in [11] :
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Calculation of geometric-topological characteristics of the phases of the system is carried out using programs developed at the department of technology of ceramics, refractories, glass and enamels of NTU "KPI".
Research results of the Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 system
To analyze the probability of formation reactions of the crystalline phases, the calculation of the free Gibbs energy are made from the equations given by [12, 13] .
It The temperature dependence of the free Gibbs energy for which is determined (Fig. 1 ). Thermodynamic analysis of the reactions in Al 2 O 3 -SiO 2 -CaO -Р 2 O 5 system (accepted conventions of Al 2 O 3 -A, SiO 2 -S, CaO-C, P 2 O 5 -P) has allowed to establish the following co-existing phases of the pair (conodes taking place in three-dimensional space): C 3 P-CAS 2 ; C 3 APS 2 -C 3 P; C 3 APS 2 -C 2 P; S-C 3 APS 2 ; A 3 S 2 -C 3 APS 2 ; A 3 Р-C 3 APS 2 ; A 3 S 2 -C 3 Р; C 3 APS 2 -CS; C 3 APS 2 -CAS 2 ; AP-C 3 APS 2 ; C 3 P-C 2 AS; CAS 2 -C 5 SP; C 5 SP-CA; C 5 SP-C 2 AS; C 7 S 2 P-CA; C 7 S 2 P-C 2 AS; C 7 S 2 P-C 12 A 7 ; C 7 S 2 P -C 3 A; C 5 SP -C 12 A 7 ; C 3 A -C 5 SP.
32 phases, 4 oxides constituting the system, 23 according to the number of binary oxides of simple compounds, 4 ternary compounds, 1 four-component are taken in determining the structure of the system. The system is partitioned on 45 elementary tetrahedrons in the subsolidus. The characteristics (data volume V i , the temperature T i of occurrence and degree of asymmetry of the melt) are shown in Table 1 .
It is evident (from Table 1 data) that the minimum temperature of the melt in the appearance of Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 system is equal to 854 K, and corresponding composition is located in elementary tetrahedron No. 7 (AP-CP-S 5 P 3 -S). The maximum temperature is equal to 1781 K (C 7 S 2 P-C 2 S-C 3 A-C 3 S) at which the solid phase still persists in the system.
The tetrahedrons AP-A 3 S 2 -S-C 3 APS 2 (V i =133,95 ‰, T i =1552 K), A-A 3 S 2 -C 3 P-А 3 P (V i = =49,22 ‰, T i =1742 K), C 3 APS 2 -A 3 S 2 -S-CAS 2 (V i =39,27 ‰, T i =1573 K) are the most technologically considering the volume of the elementary tetrahedron, the degree of asymmetry and minimal occurrence of melt temperature of the composition. The compositions of elementary tetrahedrons including mullite, corundum are the most appropriate for the technology of refractory materials ( Table 1 , tetrahedron number 15). 
Chemical Engineering
The tie lines rearrangement in the ternary subsystem Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 is shown in Fig. 2 .
The geometric-topological characteristics of phases of the system are presented ( Table 2 ) [14] [15] [16] [17] . 
Discussing of research results
Comparative analysis of the data is revealed the most technological range of compositions for the production of refractory products. They are located in the immediate vicinity to the edges of elementary tetrahedrons AP-A 3 S 2 -S-C 3 APS 2 ; A-A 3 S 2 -C 3 P-А 3 P; C 3 APS 2 -A 3 S 2 -S-CAS 2 .
To the basis of the structure of the system data it is of interest to modeling changes the phase structure in the compositions of mullite refractory -slag in the future. It will allow coming nearly to explain the reasons for the destruction of refractories in service when the ratio of the components and their interaction temperature are changing [18] .
Conclusions
The geometric-topological characteristics of the phases of Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 system are defined; there are identified the elementary volume, the degree of asymmetry and the eutectic temperature of the elementary tetrahedrons.
The results of studies on the structure of the four-component system (Al 2 O 3 -SiO 2 -CaO-Р 2 O 5 ) serve as a theoretical basis for further developments in the field of new technology of refractory non-metallic materials.
